The chemical constituents of the stem of Alnus formosana Burk. were investigated and sixteen known compounds, composed of eleven triterpenoids and five sterols, were isolated and characterized from the n-hexane-and chloroform-soluble fractions of the methanol extract. Of these, seven triterpenoids, lupeol, lupenone, betulinic acid, 3-O-acetylbetulinic acid, 3-O-acetylerythrodiol, 3-O-acetyloleanolic aldehyde, and taraxerone, were isolated for the first time from an Alnus species. The isolation of the five sterols, stigmastanone, stigmast-4-en-3-one, β-sitosterol, β-sitosteryl-β-D-glucoside, and stigmasta-3,6-dione, is also the first time that the presence of such natural products has been recorded for an Alnus species. Taraxerone and betulinic acid were the major non-polar constituents of the stem of A. formosana.
Alnus species (Betulaceae) have been found to be a rich source of dammarane-and secodammarane-type triterpenoids, and diarylheptanoids [1] [2] [3] . The latter includes oregonin, which has been demonstrated to be a COX-II inhibitor [4] , and the former includes alnuselide, a novel 3,4-secodammarane [1] . These rare ingredients stimulated our interest in the chemical constituents of A. formosana Burk, a deciduous tree, approximately 20 meters tall, which is indigenous to Taiwan and the Ryukyus at an altitude 400-3,000 meters above sea level [5] . We have investigated the chemical constituents of the stem of A. formosana and the results are presented in this communication.
The MeOH extract of the stems was divided into fractions soluble in n-hexane, chloroform, and n-BuOH by trituration with the corresponding solvent. Repeated column chromatography on silica gel and Sephadex LH-20 of the n-hexane-soluble fraction yielded 13 compounds (1-2, 5-10, and 12-16). A similar separation process for the CHCl 3soluble fraction yielded three additional compounds (3-4, 11) as well as 9.
Compounds 1-5 are lupane-type triterpenes, as shown by their 1 H NMR spectra, all of which exhibit signals for an isopropylidene group at δ ca 4.54 (br s), 4.66 (br s) (H 2 -29), and 1.65 (br s, Me-30). These were identified as lupeol (1) [6] [7] , lupenone (2) [8] , betulin (3) [6] [7] , betulinic acid (4) [6-7] and 3-O-acetylbetulinic acid (5) [9] , respectively. Compound 6 was identified as glutinol, i.e. glutin-5-en-3β-ol or alnusenol, based on comparison of its spectral data with those reported [6] and from NOED experiments, which showed enhancement of the H-3 signals (δ 3.44, t-like, J = 2.5 Hz) to a similar level upon irradiation of either Me-23 (δ 1.02) or Me-24 (δ 1.12), designating H-3 to be equatorially oriented. Compounds 7 and 8 are oleanane-type triterpenes based on characteristic MS fragment ions (see supporting information). The compounds were identified as 3-O-acetyl erythrodiol [10] [11] and 3-O-acetyloleanolic aldehyde [10, 12] , respectively. Compounds 9-11 are taraxerane-type triterpenes, and were identified as taraxerol (9) [13] [14] , taraxerone (10) [13] [14] , and 3-acetyltaraxerol (11) [13] [14] . Compounds 12-16 are stigmastane-type sterols, which were characterized as stigmastanone [15] , stigmast-4-en-3-one [15] , β-sitosterol [16] , β-sitosteryl-3-O-β-D-glucoside [16] , and stigmasta-3,6-dione [15] , respectively.
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Up to now, five types of triterpenoid have been isolated from Alnus species [17] . In this study, from the stem of A. formosana, eleven triterpenoids have been characterized, belonging to four of these types, i.e. lupene (1-5), glutinane (6), oleanane (7-8) and taraxerane (9) (10) (11) . Of these, lupeol (1), lupenone (2), betulinic acid (4), 3-O-acetylbetulinic acid (5), 3-Oacetylerythrodiol (7), 3-O-acetyloleanolic aldehyde (8) , and taraxerone (10) have been isolated for the first time from an Alnus species. Dammarane-and seco-dammarane-type triterpenoids are present in other Alnus species [1, 2] , but were not detected in this study. Nevertheless, five sterols of the stigmastane type, i.e. stigmastanone (12) , stigmast-4en-3-one (13), β-sitosterol (14), β-sitosteryl-3-O-β-Dglucoside (15) , and stigmasta-3, 6-dione (16) were isolated from the stem of the title plant and characterized. This is the first record of sterols in Alnus species. These differences could be the result of the use of different parts of the plant. Further exploration of the constituents of the various plant parts is necessary to verify the chemotaxonomy of the Alnus plants.
Experimental

Instrumental:
The physical data of the isolated compounds were obtained from the following instruments: Jasco DIP-370 digital polarimeter; Jasco FT/IR-410 spectrometer; Hitachi U-2000 spectrometer; Finnigan Mat TSQ-700 mass spectrometer (70eV); Bruker DPX-200 and AMX-400 spectrometer using solvent peaks (CDCl 3 , CD 3 OD, D 2 O, pyridine-d 5 ) as reference standards; 2D NMR spectra were recorded by using Bruker's standard pulse program: in the HMQC and HMBC experiment, Δ= 1 s and J= 140, 8 Hz, respectively, the correlation maps consisted of 512 x 1K data points per spectrum, each composed of 16 to 64 transients. TLC: Si gel (Merck Art. 105554), development solvent systems n-hexane-EtOAc (9:1) (A), toluene-i PrOH (19:1) (B), CHCl 3 -MeOH (97:3) (C) and (9:1) (D).
Plant materials:
The plant materials were collected in September 1999 in the National Taiwan University's Highlands Experiment Farm, Nantou County, in Taiwan. The specimen was authenticated by Professor Kuo, Chen-Meng, Department of Life Science, National Taiwan University and was lodged in the herbarium of the same institute.
Extraction and fractionation of the chemical constituents of the stem:
The dried stem powder (16.5 kg) was macerated with MeOH (30 L x 3) and then percolated. The MeOH extract (303 g) obtained after condensation under reduced pressure was triturated sequentially to give fractions soluble in nhexane (28 g), CHCl 3 (130 g), and n-BuOH (24 g).
Separation of compounds from n-hexane-soluble fraction:
Si gel CC (800 g, finer than 230 mesh) of the n-hexane soluble part and elution with 0 to 50% EtOAc in n-hexane, then 5 to 20% MeOH in CHCl 3 gave fifteen fractions (Fr. H-I ~ H-XVII). Fr. H-II (1.18 g) was recrystallized with EtOAc to give a white solid (10, 331 mg), and the mother liquid was passed through a Sephadex LH-20 column (270 mL, n-hexane-CH 2 Cl 2 -MeOH 3:5:1) to give 2 (728 mg). Fr. H-IV (419 mg) was chromatographed on a Si gel column (20 g, 70 to 230 mesh) eluted with toluene to give 8 (128 mg) and 12 (221 mg). Fr. H-VII (369 mg) was chromatographed on two Si gel columns (20 g, 70-230 mesh; 10 g, 230-400 mesh) eluted with toluene and 0 to 3% EtOAc in n-hexane, respectively, to give 6 (57 mg). Fr. H-IX (2.24 g) was recrystallized from MeOH-CHCl 3 (35:65) to give 9 (40 mg) as a white solid, and the mother liquid was subjected to Si gel CC (50 g, 230-400 mesh), eluted with 40 to 80% CH 2 Cl 2 in n-hexane to give four subfractions. Subfraction two was 13 (582 mg). Subfraction four was recrystallized from EtOAc to give an additional crop of 9 (65 mg) and the mother liquor was evaporated to give a residue that yielded 1 (817 mg) upon recrystallization from EtOAc. Fr. H-XI (1.16 g) was separated on a Si gel column (50 g, 230-400 mesh), eluted with 0 to 100% CHCl 3 in toluene, followed by recrystallization, to give white solids 7 (28 mg) (EtOAc) and 5 (36 mg) (n-hexane). CC of fr. H-XII (1.06 g) (Si gel, 40 g, 230-400 mesh; 0 to 100% CH 2 Cl 2 in toluene), followed by recrystallization with MeOH, yielded 14 (5 mg) . Direct recrystallization of fr. H-XIII (1.20 g) and fr. H-XVI with EtOAc and MeOH, respectively, yielded white solids 16 (10 mg) and 15 (126 mg).
Separation of compounds from CHCl 3 -soluble fraction:
Chromatography of the CHCl 3 -soluble fraction (30 g) on a Si gel column (300 g, 230-400 mesh), eluted with 0 to 50% MeOH in CHCl 3 , gave seven fractions (fr. C-I-VII). Fr. C-II to C-IV were Chemical constituents of Alnus formosana Natural Product Communications Vol. 1 (4) 2006 301 treated with EtOAc to give white solids 11 (208 mg), 10 (304 mg) and 9 (127 mg), respectively. Further chromatography of fr. C-V (591 mg) on a Si gel column (25 g, 230-400 mesh; 0-20% acetone/toluene), followed by recrystallization with acetone, gave 14 as a white solid (106 mg). Separation of fr. C-VI (4.85 g) on a Si gel column (200g, 230-400 mesh, 0-100% acetone/toluene) gave three subfractions. The acetone insoluble part (550 mg) of subfraction II (1.76 g) was divided into CHCl 3 soluble and insoluble parts. The CHCl 3 soluble part (239 mg) was chromatographed (Si gel, 10 g, 230-400 mesh; 0-100% EtOAc/ CHCl 3 ), followed by recrystallization with MeOH, to afford 3 (53 mg), while the CHCl 3 insoluble part (311 mg) yielded 4 (240 mg) upon chromatography on a Si gel column (10 g, 230-400 mesh; CHCl 3 ).
Supplementary data: Physical and spectral data are provided for lupeol (1), lupenone (2), betulin (3), betulinic acid (4), 3-O-acetylbetulinic acid (5), glutinol (6), 3-O-acetyl erythrodiol (7), 3-Oacetyloleanolic aldehyde (8) , taraxerol (9), taraxerone (10), 3-acetyltaraxerol (11), stigmastanone (12), stigmast-4-en-3-one (13), β-sitosterol (14), β-sitosteryl-3-O-β-D-glucoside (15), and stigmasta-3,6-dione (16) .
